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13. Evaluations of The Pharmacokinetics of Modafinil and Its Metabolites in Severe
Chronic Renal Failure Sl ris95)

The aim of the study was:

3) To evaluate the effect of severe chronic renal failure on the pharmacokinetic
profile of modafinil, administered orally, and its main metabolite;

b) To assess the safety and incidence of adverse effécts with modafinil in this
patient group.

S , ’ £2.33
22 STUDY DESIGN < ean G b8 2,
This was a non-randomised open label study conducted in 10 male subjects with severe
chronic renal failure who were not receiving any type of dialysis. Subjects received a
single 200mg dose of oral modafini] at 8 am after an overnight fast. Blood and urine
samples were taken before dosing and at intervals over 96 hours to assess levals of
modafinil and its main metabolite, modafinil acid. The pharmacokinetic parameters
Cmax, Tmax, AUCp AUCqup T%, AEpsq and Clg were assessed.

Approximately 7ml of blood was taken at the following times for the analysis of
plasma levels of modafinil and its metabolite: :

Oh (taken before dosing), 0.5, 1, 1.5, 2,25,3,35,4,5, 6, 8, 10, 12, 15, 24, 36,
48, 72 and 96h after dosinp.

The blood was placed in a lithium heparin tube, centrifuged at 2000g for 10 minutes
and the plasma separated into a plain tube and stored at -18°C pending collection by

. the sponsor.
i) Urine Samples
Urine was collected over the following intervals after dosing:
0-6,6-12 12-24,24-36,36-48,48-7Zand72-96h.

The total volume collected in cach interval was measured and a 20m] aliquot
withdrawn and stored at -18°C pending collection by the sponsor.

Results (Attachment 13) and Conclusions:
Following a single dose of modafinil, severe renal failure did not influence the PK
of modafinil. A slight reduction in renal clearance (£=3% in renal patients and 5% in

healthy volunteers), and Casx (3.33 mg/1 in renal patients and 4.01 mg/] in healthy
volunteers) would not have any impact on the plasma concentration of modafini].

Renal clearance of modafinj] acid was greatly reduced, resulting in the elevated plasma
concentrations (to #2 fold) and AUC0-0 (toa9 fold) , increased Tou (by 5 hr), and
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( prolonged t,, (to >3 fold). Nevertheless, subjects with renal failure exhibited no adverse

effect in this study, indicating that these subjects had a good tolerance of modafinil and
modafinil acid.

Comments:

1. At single dose of 200 mg, only 25% of the modafinil dose was excreted in urine as
modafinil acid in the renal patients, compared to ~45% in healthy subjects. This
indicated that kidney was the major organ for elimination of modafinil acid.

2. From the increased AUCG, t1/2 and Cmax, it is clear that modafinil acid was
accumulated longer and more in renal patients in this single dose study. Had the
study been designed as multiple dose, the accumulation of modafinil acid would be
even more, if not equal to, that in single dose in renal patients. Since modafinil is to
be administered chronically, it is important to know the clinjcal outcome of chronic
accumulation of modafinil acid.
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Individual supine BPs taken at baseline and 24h post-dose are given in Listing ¢;
/individual heart Tates can be found jn Listing 7. Mean values (standarg deviation) are

Table (5.52)1. Mean Heart Rate and Blood Pressure at Baseline and

.Time 6 dosing Heart Rate (Wn) Systolic BP (mm Hg)
Baseline 1 694 (16.08) 149.7 (11.39) 85.6 (6.85)
ot 704 (11.11) 1502 (1133) &0 (527
2h 7S (11.21) 148.6 (10.92) . 862 (629)
-4b _' 721 (11.97) 1504 (1057 852 (4.64)
IR P (9.68) 1492 (9.94) 858 (636)
743 (12.75) 1516 (11.03) . 862 (629)
4 12 (962) 1475 (11.19) 84.8 (7.38)
| 702 (1052 147.4 (10.71) 83.8 (4.76)
(taken from Tabies 2 and

No obvious trends were observed.
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described as left ventricular hypcnrophy and strain due to hypertension which wag
thought to be associated with chronic renal failure, :

¢) Adverse Events |
No adverse cevents were recorded in this Study.

5.5.3, Laboratory Safety Test Regys

a) Hacmatology

Trends in the numbers of subjects experiencing haematologica] laboratory Parameters that
fell outside the Normal range before and during the study are summarised below:

High
Nomal  <~High Nommar .. High

Haemoglobin ~ | o (90%) . 1 (10%) . . -
Haematocrit 9 (90%) . 1(10%) - - -

Mean Cell Volume . . 7 (70%) . 1(10%) 2 (20%)
Red Cell Count 9(%0%) . 1(10%) - . i

Mean Celp Haemogiobin - - e 7.(70%) - - 3 30%)
M““&’:;::“;"m | 1(10%) 9 (%0%) . . .
Lymphocytes - 20%)  200%) 6 (s0m) - - .
" Mooocytes- | 4 10%) . 9 (90%) . . K
z " Granulocytes . - ‘ . 9(%0%) 1 (10%) . .
7 Pl . . . 9 (%0%) - 100%) .
Prothrombin Time - . . 9 (90%) < 1aomy) .

APPEARS THIS WAY ON ORIGINAL |

BEST POSSIBLE COPY




D P A U

b) Biochemistry

Baseline to 24h post-dose trends in biochemical laboratory parameters that fell outside
the normal range are summarised below: :

Tabie (553)2. Summary of Baseline 10 24h Post-Dose Trends in Abnormal Biochemical Parameters

(, o . Using fasting reference range of 3.4 - 5.2 mmol ‘

Baseline = 24h Post-Dose - o *
Paameter .. Normal ~ Normal= Normal High= High
- Low ~Low Normsl =High Normal = High
Phocghasse o - . B(8%) 1(10%) - 1(0%)
Urea . - - - L. 10 100%)
Uric Acid . . 8(80%) 1 (10%) - 1(10%)
Creatinine - - - - . 10 (100%)
| Cholestero” 2(20%) 1(10%) 7(70%)
{ Phosphate - - 5 (50%) - 2(20%) 3 (30%)
| Potassium . 1(10%) 8 (80%) 1 (10%) . .
o : Bicarbonate 5(50%)  2(20%) 3 (30%) - - -
\
|

Although fasting glucose samples were not taken, the glucose levels given in Listing 9
e show that samples from 9 of the 10 subjects fell within the normal fasting glucose range
| (3.6 - 5.6 mmol/). Glucose levels of 6.1 and 6.0 mmol/l were recorded at baseline and 24h
post-dose, respectively, in 1 subject. '

Urea and creatinine levels were markedly higher than the upper normal value in all
subjects, reflecting their chronic renal failure. Bicarbonate levels were low in 50% of the L
subjects and fell from normal levels to below normal in 2 subjects.

None of the changes in laboratory parameters were attributable to modafinil.

c) Urinalysis : No gucese was recorded in any o HL urine samples. Wicrescpey resatt
ConsisTent i renal dmabnie ‘
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NDA 20717
Provigil® (modafinil)

Human Pharmacokinetics and B:oavmlabnhty ~— Summary of Human Pharmacokinetics and Bioavailability Study Results

Table 6.2-79. ' Mean (SD) Pharniacoldnetic Parameters of Modafinil and
" Modafinil Acid After a 200 mg Oral Dose of Modafinil in
Chronic Renal Impalred Patients and Healthy Subjects*

Data obtained from a previous study Lafon P1589 (MOD-022). yq= |2~
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Subjects with Chropic Renal
‘Failure Healthy Subjects*
Modafinil o Modalfinil
Parameter Modafinil Acid Modafinil Acid i‘
3.33 536 4.01 1.95
Sb 0.45 2.49 0.90 035
T (hr) Mean [255 725 2.05 2.75
SD 138 272 0.46 0.66
tin (h) Mean {22.18' 1421* |19.25 11.69 5.69
SD 2143 4.17® 9.75 2.18 1.13
AUC,, Mean |53.75 1175.7 NA NA
(mgehr/L)
SD 17.13 133.26 NA NA
AUC,.. Mean |55.49 188.39 51.83 21.03
(mgehr/L)
SD 17.43 148.74 12.58 4.66
CL . (mg/L) Mean {0.103 0.216¢ NA NA
SD 0.031 0.200¢ NA NA
Ae (0-96 hr) (mg) | Mean | 13.38¢ 6.80° 46.15¢ 9.02 82.62
L SD 14.07¢ 2.09¢ 28.94¢ 1.12 10.64
. n=7
b n=6
¢ n=8§
¢ n=10
€ n=9
NA = Not Applicable.
*




Drug-Drug Interaction Study

11. A.Double-Blind Placebo-Controlled 3 Way Crossover Study to Investigate the
Kinetics and Acute Tolerability of Modafinil and Clomipramine Alone and in
Combination in Healthy Male Volunteers (C1538a/107/PK/UK)
Objectives:

To study the kinetic interaction between modafinil and clomipramine.

Introduction:

Clomipramine is well absorbed orally. It is metabolized by CYP2DE6 to its active

metabolite desmethy] clomipramine. Both the parent drug and the metabolite are
eliminated slowly (ti>24 hr).

Study Design and Sampling:

The study was a single-center, 3-way double-blind crossover study involving 18
healthy male volunteers. The protocol of the study was as following:

After fasting, the subjects were dosed with the following treatment schedule:

Treatment A: Clomipramine (1 x 50 mg capsule) - Day 1 | A
Modafinil (2 x 100 mg tablets) once daily - Days 1 to 3 i

|

|

|

|

Treatment B: Clomipramine (1 x 50 mg capsule) - Day |
2 x placebo tablets once daily - Days 1 to 3

Treatment C: 1 x placebo capsule - Day 1
Moda.ﬁnﬂ(Zx100mgtablets)oncedaily-Dayslto3 -
P Sigle Dose of Clemipramine. [piscein Gwinl Qi By $ame Tine A3
: o(f-‘M A [ Haceber _
There was a wo-{vngek washo/urt{period between each treatment phase, For modafinil, blood

samples were collected immediately prior to the Day 1 modafinil dose (tims zero) and at 1, 2,

3,4,6, 12, and 24 hours following administration of the Day 1 modafinil dose, and at 60,

72, 84, 96 and 108 hours after dosing of the Day 3 modafinil dose using the Treatment
Q_ﬂ.;gh‘ Tine r(:rl (/(lm.rrmm& 15 Fa ke . :

Schedules A and C. ‘:jrhe prepared plasma samples were stored in a -20°C freezer and frozen

in dry ice during shipment, and were stored at -80 to =90°C awaiting analysis.

-~
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Results (Attachment 14) and Conclusions:
It appeared that co-administration of clomipramine did not affect the PK of
modafinil or its metabolites in humans. Modafinil did not affect the PK of clomipramine

days dosing of modafinil had no effect on CYP2D6.

Comments:

1. This study design is inadequate. First, the single dose design of clomipramine in the
study does not reflect the “real situation” where the multiple dosing of this
antidepressant is usually administered to the patients. The single dose design could
mask the potential drug-drug interaction if the interactant from clomipramine is the
metabolites, rather the parent drug. Secondly, the relatively low dose of
clomipramine in the study (50 mg), besides single dosing, might “hide” the
interaction that would be reached at high doses.

2. The sampling time for clomipramine, 72 hrs, is too short to cover the elimination
phase of the drug, which may result in wrong estimation of AUC,, on clomipramine.

3. The sampling time for desmethyl clomipramine, whose reported t1/2 is 96 hr, is too
short in this study to draw meaningful conclusions on its t/12, AUCO-c0 in this study.
Therefore, the conclusions for desmethyl clomipramine can only based on Cmax and
AUC,..

4. Variation on plasma concentrations and AUC,, for both clomipramine and jts active
metabolites were big,
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: ‘Pluooolﬁo. blssaa/m UK: Bharen s
" Report DR.§s.gp3 - /PK/UK:

~. - .c X . R R N
( ATTAMMIENT ). “f’
Fable-t. Pharmacokinetic Parameters of Modafinij] after Dosing with Treatmen A and
Treatment C i Healthy Mges . '
Treatment A: Clomxpramme (50 mg single dosé) and Modafinif (200 mg once ihi]y dose for 3 dayg'(r=24hr))
Treatment C: (ﬁng!edose)andModaﬁnn(zoomgoncedaﬂydoseﬁorJdays(fmhr Co
C..._T..i.‘ A% tm'-AUCu AUCu.'CL/F>VIF«
pg/mL | ke hrl hr shr/mL | yoehr/my ml/min [
Treatment A 4.3+08 2.2+0.9 0.0537:0.0100 13.5+33 42,468 55.3+10.6 62.2+110 71.1+139
Treatment ¢ 44309 1.7+0.7 0.054710.0103 13.1+26 41.626.0 34.2+102 63.6+120 70.5+10.2
‘Theterminalrateconstam,l, the half.Jife tm.WasdeterminedfromDaﬁ dataandusedtodetermine
AUCse, CL/F ang V/F following administration of Day 1 doge, ,
ZTable2, Phanhacokinetic Parameters of Modafinj] Acid after Dosing with Treatment
A and Treatmen; Cin Healthy Majes L
Come T A tr AUCw [ AUC
pe/ml, hr he't br | poehr/mr ehr/ml,
~ Treatment A 2.3+04 | 32300 0.126+0.018 | 56207 23.9+5.6 [ 255550
( . Treatment C[ 24205 3.2+0.38 | 0.11820.023 6.1+15 | 236+45 25.7+5.4
| . Tables, Pharmacokineﬁc Parametery of Modafini] Sulfone after Dosing with
| Treatment A and Treatment C in Healthy Majes
e, : . R 28
N A tin
. hrt hr
| Treatment A, 0.0258+0.0119 33.1+17.1
L Treatment ¢ 9.026120.0092 ] 3092135

L
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(‘ | Table 6.2-53. Mean (&SD) Pharmaéokinetic Parameters of

. median range.
Treatment A: Clomipramine (50 mg, Day 1) and Modafinil (200 mg, Days 1 to 3).
Treatment B: Placebo and Clomipramine (50 mg, Day 1).

Clomipramine Following Administration of Clomipramine
(50 mg) with Either Modafinil or Placebo in Healthy
Subjects
Fm Treatment B
Caar (/L) 4.1 (15.2) ;;3(113)
Towx (hr) 3 (2-6)* 3(24)
AUGC,, (ug shr/L) 486 (216) 431 (247)
g AUG,.. (ug *hr/lL) - 663 (364) 601 (353)
; (Lt (hr) 19 (19) 2000

. Table 6.2-54. Mean (+SD) Pharmacokinetic Parameters of Desmethyl
] ‘ Clomipramine Following Administration of Clo'mipramine
(50 mg) with Either Modafinil or Placebo in Healthy
L | Subjects . \
( : ‘ Treaae__::A Treatment B |
3 Cunx (ng/L) 82@3.1) 11.6 (4.6)
¢ Thax (hr) 12 (2-36)* 6 (3-36)*
AUC,, (pg *hr/L) 332 (200) 413 (273)
AUC,.. (g shr/L) 6190 (12999) 1128 (1141)
t,, (hr) ___l483(1018) ____1883102)
* median range
Treatment A: Clomipramine (50 mg, Day 1) and Modafinil (200 mg, Days 1 to 3).
> Treatment B: Placebo and Clomipramine (50 mg, Day 1).
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